Japanese Patent Application Laid-Open No. 2000-226572 

[Title of the Invention] Photochromic film and method of producing the same 
[Abstract] 

Conventional inorganic carriers for photochromic materials have micropores uneven in 
diameter, resulting in the problem of unevenness in the adsorption of photochromic 
materials. In addition, it is difHcult to produce a transparent uniform film by using such 
a conventional inorganic carrier for photochromic materials, which leads to adverse 
efiTects on the color change of the photochromic materials associated with the 
photoisomerization reaction. 

To solve the problem, the present invention provides a photochromic material is placed in 
the pores of a mesoporous silica film formed on a substrate. 
[What is Claimed is] 

[Claim 1] A photochromic film, characterized by having a photochromic material 
contained in the pores of a mesoporous silica fibn placed on a substrate. 
[Claim 2] A photochromic film characterized by having a photochromic material and a 
surfactant contained in the pores of a mesoporous silica film placed on a substrate. 
[Claim 3] The photochromic film according to Claim 1 or 2 wherein the photochromic 
material is a spiropyran compound. 

[Claim 4] A method of producing a photochromic film, characterized by removing a 
surfactant from a silica meso-structured film formed on a substrate, bringing the film into 
contact with a solution containing a photochromic material and thus allowing the 
photochromic material to be contained in the pores thereof. 

[Claim 5] The method of producing a photochromic film according to Claim 4, wherein 
the surfactant is removed by baking. 

[Claim €] The method of producing a photochromic film according to Claim 4, wherein 
the surfactant is removed by solvent extraction. 
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[Claim 7] The method of producing a photochromic flfan according to Claim 4, wherein 
the smiactant is removed by supercritical fluid extraction. 

[Claim 8] The method of producing a photochromic film according to Claims 4 to 7, 
wherein the photochromic material is a spiropyran compound. 

[Claim 9] A method of producing a photochromic film, characterized by bringing the silica 
meso-structured film into contact with a solution containing a photochromic material and 
thus allowing the photochromic material to be contained in the pores thereof. 
[Claim 10] The method of producing a photochromic film according to Claim 9, wherein 
the photochromic material is a spiropyran compound. 

[Claim 11] The method of producing a photochromic film according to Claims 4 to 10, 

wherein the silica meso-structured material is formed on the substrate by retaining said 

substrate in an acidic surfactant solution containing a silicon alkoxide. 

[Claim 12] The method of producing a photochromic film according to Claims 4 to 10, 

wherein the silica meso-structured material is formed on the substrate by coating an acidic 

surfactant solution containing a silicon alkoxide on the substrate. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field] The present invention relates to application of inorganic oxide porous 
materials commonly used as catalysts and adsorbents to optical materials, and in 
particular to form an optical material thin film by using a mesoporous material having a 
controlled micropore structure formed on a substrate. 
[0002] 

[Background Art] Porous materials have been widely used in various fields for adsorption, 
separation, and others. Accordii^ to lUPAC, porous materials are classified into 
microporous materials having micropores of 2 nm or less in diameter, microporous 
materials having micropores of 2 to 50 nm in diameter and microporous materials having 
micropores of 50 nm or more in diameter. Known microporous materials include zeolites 
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such as natural and synthetic aluminosilicate salts, metal phosphate salts, and the like. 
These materials have been used as selective adsorption, molecular shape-selective catalytic 
reaction, and molecular size reaction container by making the most of the size of 
micropores. 

[0003] The micropore diameter of the microporous crystals hitherto reported was 
approximately 1.5 nm at the maximum, and thus it is quite important to produce a solid 
having micropores having a larger diameter for adsorption and reaction of bulky 
compounds that cannot be adsorbed in the conventional micropores. Although silica gel, 
pillared clay, and others were known as the materials having greater pores, they had 
micorpores much wider in diameter distribution and it was difficult to control the 
micropore diameter. 

[0004] Under the circumstances, two methods of preparing a mesoporous silica having a 
structure wherein mesopores more uniform in diameter are aligned in the faveolate form 
were developed separately almost at the same time. One of the mesoporous silicas is a 
material called MCM-41 that was prepared by hydrolysis of a silicon alkoxide in the 
presence of a surfactant as described in Nature No. 359, p. 710, while the other is a 
material called FSM-16 that is prepared by intercalation of an alkylammonium compound 
between the layers of kanemite, a kind of layered silicate as described in Journal of 
Chemical Society Chemical Communications No. 1993, p. 680. The structure of both 
silicas is seemingly controlled by using the surfactant aggregates as a template. These 
materials are not only very useful as catalysts for bulky molecules that do not fit into the 
zeolite pores, but they are also applicable to functional materials for optical materials, 
electronic materials, and the like. 

[0005] For application of these mesoporous porous materials having an orderly micropore 
structure in the field of functional materials other than catalyst, it is important to develop 
a method to retain these materials uniformly on a substrate. Examples of the methods of 
producing a uniform mesoporous thin film on a substrate include, for example, the spin 
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coating method described in Chemical Communications No. 1996, p. 1149, the dip coating 
method described in Nature No. 389, p. 364, the method of deposition on the solid surface 
described in Nature No. 379, p. 703, and others. 

[0006] Incidentally, research on photochromism was started mainly aimed at developing 
lenses for sunglasses and light-controlling materials and has been becoming more and 
more intense as the expectation as an optical memory material rises. All current optical 
memory materials record data after converting optical energy once into heat energy on a 
record medium. As long as heating is used, the recording density depends on the 
diffraction limit of light, prohibiting improvement in density to some extent or more. Use 
of photochromism, which utilizes photoreactions directly, paves the way for 
wavelength-multiplex, phase-multiplex, and polarized light-multiplex recording and 
consequently to ultrahigh-density recording. 

[0007] A large number of photochromic compounds have hitherto been prepared and the 
optical properties thereof were studied, and about half of them are spiropyran-based 
photochromic materials. 

[0008] Upon absorption of UV light, spiropyrans change the color, as they are converted 
into a structure in the merocyanine form in a reaction of photoisomerization accompanied 
by ring opening. Spiropyrans in the merocyanine form are photochromic materials that 
return to the original condition thermally or by irradiation of visible light. An example 
of the photoisomerization reaction is shown in Fig. 6. The photochromism of spiropyrans 
is described, for example, in Quarterly Chemical Review No.28, "Chemistry of organic 
photochromism", edited by the Chemical Society of Japan, Center for Academic 
Publications Japan. 

[0009] Organic photochromic materials have the advantages of exhibiting a distinct 
change in absorption wavelength and a faster optical coloration, compared to glassy 
inorganic photochromic materials, for example, containing silver colloids. 
[0010] 
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[Problem to be solved by the invention] Although there are a variety of organic 
photochromic materials including spiropyrans and each of them has many favorable 
properties compared to inorganic photochromic materials, these materials had a 
disadvantage that they could not be easily used alone and should be incorporated in some 
matrix. In addition, conventional materials used as the matrix, mostly based on organic 
polymer, carried the problems of lower mechanical strength and others. 
[0011] Further, use of a conventional inorganic matrix such as silica gel or smectite (a kind 
of clay mineral) had a drawback that adsorption of the photochromic material was not 
uniform because of the unevenness of micropores and it was difficult to produce 
practically useful films, for example transparent films, by using the inorganic material. 
[0012] Thus, there exists a need for a matrix of inorganic compound higher in mechanical 
strength that has a practical shape, for example of transparent thin film, for use as a 
carrier for photochromic materials. 
[0013] 

[Summary of the Invention] The present invention was made in view of the problems 
above, and an object thereof is to provide a photochromic thin film superior in mechanical 
strength prepared by allowing an organic photochromic material, a spiropyran compound, 
to be incorporated in a transparent inorganic porous film having uniform micropores and 
to a method for producing the same. 

[0014] Namely, the present invention relates to a photochromic thin film characterized by 
having a spiropyran compound contained in the mesopores of a mesoporous silica thin 
film formed on a substrate, or a photochromic thin film characterized by having a 
spiropyran compound and a surfactant contained in the mesopores of a silica thin film 
formed on a substrate. 

[0015] In addition, the present invention relates to a method of producing a photochromic 
thin film characterized by removing a surfactant from a meso-structured material thin 
film formed on a substrate, bringing the film into contact with a solution containing a 
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spiropyran compound, and thus allowing the spiropyran compound to be contained in the 
micropores; or to a method of producing a photochromic thin film by bringing a 
meso-structured material thin film formed on a substrate into contact with a solution 
containing a spiropyran compound, and allowing the spiropyran compound and a 
surfactant to be contained in the micropores. The meso-structured material thin film on 
the substrate can be produced by retaining a substrate in an acidic surfactant solution 
containing a silicon alkoxide or by coating the acidic surfactant solution containing a 
silicon alkoxide on a substrate; and for removal the surfactant from the meso-structured 
material thin film, various methods including baking of the meso-structured material thin 
film formed, extraction with a solvent or supercritical fluid, and the like are applicable. 
[0016] Hereinafter, the present invention will be described with reference to embodiments. 
[0017] 

[Best mode for carrying out the invention] Fig. 1 is a schematic view of a photochromic 
thin film according to the present invention. In the present invention, the inorganic 
matrix carrying a spiropyran compound is a silica meso complex or a mesoporous silica 
thin film 11. As shown in this Fig., the inorganic matrix has a structure wherein 
hexagonally packed rod-shaped pores 12 are oriented in parallel with the substrate 13. 
[0018] The silica meso complex above has a structure still containing a surfactant inside 
the micropores; and the mesoporous silica is prepared by removing the surfactant 
therefrom. 

[0019] The spiropyran compound is contained in these mesopores. The orientation of the 
spiropyran compound inside the micropores is yet to be clearly understood, but the 
spiropyran compound seems to be adsorbed on the walls of mesopores as shown in Fig. 
2(a) when the surfactant is completely removed, while seems to be present in the 
hydrophobic regions of the surfactants as shown in Fig. 2(b) when the surfactants are 
present. 

[0020] The method of producing a photochromic thin film according to the present 
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invention is a method by first preparing a silica meso-structured thin fihn and a 
mesoporous silica thin film containing no spiropyran compomid, then bringing it into 
contact with a solution of a spiropyran compound, and thus introducing the spiropyran 
compound inside micropores; and such a method has advantages, for example, of aUowing 
production of a thin film highly adhesive and a thin film uniform in thickness. 
[0021] Method of producing a mesoporous silica thin film will be described first. For 
production of a mesoporous silica thin film, two methods of producing a thin film, i.e. by 
holding a substrate in a reaction solution containing a silicon alkoxide and a surfactant 
and thus allowing mesoporous silica to deposite on the substrate and by coating a solution 
containing a silicon alkoxide and a surfactant on a substrate, have been used generally; 
but the method of producing a silica meso-structured material and a mesoporous silica 
thin film for used in the photochromic thin film according to the present invention is not 
particularly limited thereto, and any one of methods that provide a film having a similar 
structure may be used. 

[0022] For example, a reaction container having a structure similar to that shown in Fig. 3 
is used in the process of forming a thin film by holding a substrate in a reaction solution 
containing a silicon alkoxide and a surfactant and thus aUowing mesoporous silica to 
deposit on the substrate surface. The material for the reaction container is not 
particularly limited if it is resistant to chemicals, especially to acids, and materials such as 
polypropylene and polytetrafluoroethylene may be used. A substrate holder made of an 
acid-resistant material is placed, for example, as shown in Fig. 3 in the reaction container, 
and the substrates are held with this. Although the substrates in Fig. 3 are held 
horizontally, the inclination of the substrate is not limited to the horizontal direction. 
The substrate is also normally held in a solution as shown in Fig. 4(A), but a similar film 
can be formed by bringing the substrate surface into contact with the surface of the 
reaction solution as shown in Fig. 4(B). The reaction container may be placed in a tightly 
sealed container made of a high-stiffness material such as stainless steel for prevention of 
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the breakdown thereof by the pressure during reaction. 

[0023] The reaction solution in the Fig. is an aqueous surfactant solution that is adjusted to 
a pH of the isoelectric point of SiOi (pH = 2) or lower by addition of an acid such as 
hydrochloric add and added additionaUy with a silicon alkoxide such as tetraethoxysilane. 
The surfactant is selected suitably from cationic surfactants such as tertiary 
alkylammonium, nonionic surfactants such as alkyl amines and polyethylene oxide, and 
the like. The length of the surfactant molecule used is decided according to the desired 
micropore diameter of the meso-structure. The optimal concentration of the surfactant is 
decided properly according to the kind of the surfactant used. 

[0024] SiOi precipitates more slowly in the acidic side, especially at around its isoelectric 
point, and never generate precipitates instantaneously after addition of an alkoxide as in 
the case under the basic condition. 

[0025] Quartz glass, silicone, or the like may be used as the substrate, but the substrate is 
not particularly limited if it is stable in the aqueous acid solution. 

[0026] A meso-structured silica can be deposited on the substrate under such a condition. 
The temperature during deposition is selected in the range of approximately 60 to lOO^C. 
At a lower reaction temperature, the structure of the mesopores formed becomes 
disturbed. The reaction time ranges from several hours to several months, and a shorter 
period results in a thinner film. The film thus formed on the substrate is washed with 
purified water and dried in air, to give a silica meso-structured thin film. 
[0027] The method of coating a solution containing a silicon alkoxide and a surfactant on a 
substrate is a method that does not demand such a reaction container and gives a silica 
meso-structured thin film by coating directly on the substrate for example by spin coating. 
For example in spin coating, the thickness of the silica meso-structured material film 
obtained can be adjusted by controlling the rotational frequency, solution concentration, 
and the like during spin coating. The coated film gives a more stabilized film by 
polymerization of the silica during drying. Although it is necessary to optimize the 
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concentration of surfactant, the solvent composition, and the like according to the kind of 
surfactant used for production of a highly ordered meso-structured material thin Him by 
this method, the method has an advantage of demanding no prolonged reaction time. 
[0028] The meso-structured material obtained in the present invention is higher in the 
adhesiveness to substrate and superior in mechanical strength. 

[0029] The meso-structured material thin film thus formed is then transferred into a glass 
container and held in a solution containing a spiropyran compound. The spiropyran 
compound is introduced into the meso-structured material thin film in several minutes to 
several hours. Both the surfactant and the spiropyran compound are present inside 
micropores at this moment. 

[0030] Even when a mesoporous silica thin film is formed by removing a surfactant micelle 
of the template, form the meso-structured material thin film, it is possible to introduce the 
spiropyran compound in the micropores by bringing the solution of a spiropyran 
compound into contact with the film and thus form a thin film containing only the 
spiropyran compound in the micropores. 

[0031] The silica meso-structured thin film or mesoporous silica thin film formed on the 
surface of substrate according to the present invention is a highly transparent thin film, 
which has an advantage of generating a distinctive color change by photoisomerization 
reaction while holding the spiropyran compound in micropores. 

[0032] The method of removing the surfactant is selected from baking, solvent extraction, 
supercritical fluid extraction, and the like. For example, it is possible to remove the 
surfactant completely form the meso-structured material thin film almost without 
damaging the meso-structure by baking in air at SSO^'C for 10 hours. Alternatively, use 
of a means such as solvent extraction or the like allows prevention of the oxidation of 
substrate material and the disturbance of mesoporous structure that may occur during 
baking, although it is difficult to remove the surfactant completely. 
[0033] Use of a mesoporous silica film obtained by removing surfactant advantageously 
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leads to increase in the amount of spiropyran compound adsorbed in the micropores and 
allows production of a photochromic thin film larger in color change, but when the 
surfactant coexists, the spiropyran compound is present in an environment different from 
that when the spiropyran compound is introduced in the micropores after surfactant 
removal and thus may cause differences in the orientation state therein and the response to 
light. 

[0034] There are many spiropyran compounds different in structure, and the spiropyran 
applicable to the present invention is not particularly limited. On the contrary, it is 
possible to produce thin films having various absorption wavelengths by using different 
kinds of spiropj^an compounds in combination. 

[0035] In summary, the present invention described above relates to method of producing 
a practically useful photochromic thin film superior in mechanical strength that 
incorporates a spiropyran compound having photochromic properties adsorbed uniformly, 
by allowing the spiropyran compound to be adsorbed in the micropores of a mesoporous 
silica thin film having a controlled micropore diameter and a micropore structure. 
[0036] The diameter of the micropores in the mesoporous silica thin film is controlled 
uniformly, and thus the adsorption state of the spiropyran compound in each micropore is 
also uniform. 

[0037] Hereinafter, the present invention will be described in detail with reference to 
EXAMPLES, but it should be understood that the present invention is not restricted by 
these EXAMPLES and modifications in the kinds of surfactant and alkoxide, reaction 
condition, film-forming condition, and the kind of spiropyran compound, and the like in 
the scope of the present invention are also included in the present invention. 
[0038] 

[EXAMPLE] (EXAMPLE 1) This EXAMPLE relates to a photochromic thin film 
prepared by holding a substrate in an acidic surfactant solution containing a silicon 
alkoxide, baking the meso-structured material thin film thus formed, and making a 
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spiropyran compound adsorbed in the micropores. 
[0039] It is described with reference to Fig. 3. 

[0040] A substrate of 2 cm x 2 cm in size cut off from a quartz glass substrate 35 and 
thoroughly washed was placed horizontally in a substrate holder 33 and left in a 
polytetrafluoroethylene container 31. 

[0041] An acidic surfactant solution was prepared by dissolving 2.82 g of 
cetyltrimethylammonium chloride in 89.6 ml of purified water, adding 72.1 ml of 36% 
hydrochloric acid, and stirring the resulting solution for 2 hours. To the solution, 1.78 ml 
of tetraethoxysilane (TEOS) was added and the mixture was stirred for 2 minutes and 30 
seconds; and the resulting solution was poured into a polytetrafluoroethylene container 31 
shown in Fig. 3 containing the substrate holder 33 holding the substrate, until the 
substrate 35 is completely held in the solution. The final solution composition was H2O: 
100, HCl: 10.5, cetyltrimethylammonium chloride: 0.11, and TEOS: 0.10 by molar ratio. 
The container was covered with a cap 32 and further placed in a tightly sealed stainless 
steel container, which is stored in an oven kept at a temperature of 80 ^C. The storing 
period was 2 weeks. 

[0042] The substrate brought into contact with the reaction solution for a certain period 
was removed from the container and washed thoroughly with purified water; and upon 
observation, a transparent film having interference colors was formed on the substrate 
surface. The thickness of the film was approximately 0.2 ^m• 

[0043] The substrate having the silica meso-structured thin film formed was analyzed by 
X-ray diffraction. As a result, strong diffraction peaks corresponding to the (100) plane 
of hexagonal structure having a spacing of lattice planes of 3.50 nm were observed, 
demonstrating that the thin film had a hexagonal micropore structure. Absence of 
diffraction peaks in the wide-angle region indicated that the silica on the micropore wall 
was amorphous. 

[0044] The spacing of lattice planes dlOO is defined as shown in Fig. 1. 
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[0045] The substrate having the silica meso-structured thin flbn formed was baked in a 
mufne furnace in air for 10 hours at a temperature increasing at a rate of l^C/min up to 
550^C. There was no significant difference in the appearance of the substrate surface 
before and after baking. In addition, results by X-ray diffraction analysis of the thin film 
after baking showed slight decrease in strength and broadening of the half value width but 
also strong diffraction peaks corresponding to a lattice-plane spacing of 33 nm, indicative 
of preservation of the hexagonal micropore structure. There were no diffraction peaks in 
the wide-angle region even after baking, demonstrating the silica on the wall remains 
amorphous. Further, analysis by infrared absorption spectroscopy and others confirmed 
that the sample after baking contained no organic component derived from the surfactant 
ataU. 

[0046] The thin film sample after baking was held in a toluene solution of 0,15 M 
l,3,3-trimethylindolino-6*-nitrobenzospiropyran for 3 hours, allowing adsorption of 
l,3,3-trimethylindolino-6'-nitrobenzospiropyran into the micropores. 
13»3*ti'™cthylindolino-6*-nitrobenzospiropyran is a spiropyran compound exhibiting 
photochromism based on the photoisomerization shown in Fig. 6. The adsorption was 
confirmed by the change in color to red of the thin film. A quartz glass substrate having 
no mesoporous silica formed did not show the change in color of the substrate even after 
immersed in the same solution. The mesoporous silica thin film sample on which 
l,33-trimethylindolino-6'-nitrobenzospiropyran was adsorbed was washed with toluene 
for removal of the excessive 1393-trimethylindolino-6*-nitrobenzospiropyran remaining on 
the surface, dried and used as a sample. 

[0047] After drying, visible absorption spectroscopy analysis of the sample gave a 
spectrum having an absorption maximum at 515 nm as shown in Fig. 5a. As shown in 
Fig. 6, the spiropyran compound, shows a photochromism associated with the change from 
the colorless spiropyran form to the colored merocyanine form. The reaction formula of 
the photoisomerization reaction of l,3,3-trimethylindolino-6*-nitrobenzospiropyran is 
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shown in Fig. 6. However, the inventors believe that the spiropyran in the mesoporous 
silica thin film prepared in this EXAMPLE became colorless even when not irradiated by 
light, because the merocyanine form is more stabilized by the interaction with silica. The 
fact that the color thereof in the merocyanine form is different from that in the solution 
seems to be a result of the blue shift of absorption wavelength due to the interaction with 
silica at the molecular level in an analogous manner. 

[0048] The film in the colored state lost almost completely the red color and the absorption 
peak at 515 nm in the visible spectrum as shown in Fig. 5b, when irradiated by a visible 
light through a UV light-cutting filter from a xenon lamp for 1 minute. It is considered to 
be because the spiropyran compound is photoisomerized from the merocyanine form to 
the spiropyran form. 

[0049] Further, when the film that became colorless by irradiation of a visible light 
additionally by a UV light through a visible-light-cutting filter from the same xenon lamp, 
the film is colored in red and the same spectrum as that of Fig. 5a was observed once 
again. 

[0050] As described above, the film was shown to exhibit a reverse phot€K:liromism from 
red to colorless associated with the photoisomerization from the merocyanine form to the 
spiropyran form. 

[0051] The photochromic thin film prepared in this EXAMPLE did not result in 
exfoliation of the film or roughened surface even when the surface thereof was rubbed 
with a doth or the like, demonstrating that it has a high mechanical strength. 
[0052] (EXAMPLE 2) This EXAMPLE relates to a photochromic thin film prepared by 
coating an acidic surfactant solution containing a silicon alkoxide on a substrate, baking 
the silica meso complex thin film thus formed on the substrate, and making a spiropyran 
compound adsorbed in the micropores. 

[0053] The mesoporous silica film on a substrate in this EXAMPLE is prepared according 
to the method of employing the sol-gel process described, for example, in Chemical 
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Communications issued in 1996, pp. 1149 to 1150. 

[0054] First, acidic hydrochloric acid was made by adding purifled water in an amount of 
twice the mole number of tetramethoxysilane (TMOS) to TMOS, and the mixture was 
stirred at room temperature for 2 hours, allowing partial hydrolysis of TMOS. To the 
solution, added was cetyltrimethylammonium bromide in an amount of 1/4 of the mole 
number of TMOS, and the mixture was stirred and then spin-coated on a clean Pyrex glass 
of 7 cm X 7 cm in size. The spin-coated substrate was dried in an oven at lOO^C for 6 
hours. In this manner, a transparent uniform film having a thickness of approximately 1 
^m was prepared. 

[0055] The substrate having the silica meso-structured thin film formed was analyzed by 
X-ray diffraction. As a result, in a similar manner to EXAMPLE 1, strong difTraction 
peaks corresponding to the (100) plane of hexagonal structure having a lattice-plane 
spacing of 3.50 nm were observed, demonstrating that the thin film had a hexagonal 
micropore structure. Also in this case, absence of diffraction peaks in the wide-angle 
region indicated that the silica on the micropore wall was amorphous. 
[0056] In a similar manner to EXAMPLE 1, the substrate having the silica 
meso-structured thin film formed was baked in a muffie furnace in air for 10 hours at a 
temperature increasing at a rate of l^C/min up to 550^C. There was no significant 
difference in the shape of the substrate surface before and after baking. In addition, 
results by X-ray difEraction analysis of the thin film after baking showed slight decrease in 
strength and broadening of the half value width broadened but also strong diffraction 
peaks corresponding to a lattice-plane spacing of 33 nm, indicative of preservation of the 
hexagonal micropore structure. There were no diffraction peaks in the wide-angle region 
even after baking, demonstrating the silica on the wall remained amorphous. Further, 
analysis by infrared absorption spectroscopy and others confirmed that the sample after 
baking contained no organic components derived from the surfactant at all. 
[0057] In a similar manner to EXAMPLE 1, the thin film sample after baking was 
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immersed in a toluene solution of 0,15 M l^yS-trimethylindoIino-d'-nitrobenzospiropyran 
for 3 hours, allowing the l,3,3-trimethylindolino-6*-mtrobenzospiropyran to be adsorbed 
in the micropores. The adsorption was confirmed by the change in color to red of the 
thin film. A quartz glass substrate having no mesoporous slUca formed did not show the 
change in color of the substrate even after immersed in the same solution. The 
mesoporous silica thin fllm sample on which 

l,3,3-trimethylindolino-6*-nitrobenzospiropyran was adsorbed was washed with toluene 
for removal of the excessive l,3,3-trimethylindolino-6*-nitrobenzospiropyran remaining on 
the surface, dried, and used as a sample. 

[0058] Examination of the change in color of the film prepared in this EXAMPLE by 
photoirradiation resulted in a change in the spectrum almost identical with that in 
EXAMPLE 1, indicating that the fifan prepared in this EXAMPLE also exhibited the 
reverse photochromism. 

[0059] The photochromic thin film prepared in this EXAMPLE also did not result in 
exfoliation of the film or roughened surface even when the surface thereof was rubbed 
with a cloth or the lilce, demonstrating that it has a high mechanical strength. 
[0060] (EXAMPLE 3) This EXAMPLE relates to a complex thin film prepared from a 
meso-structured material thin film that was prepared by a method identical with that in 
EXAMPLE 1, by bringing the thin film into contact with a spiropyran compound but 
without removing the surfactant. 

[0061] A silica meso-structured thin fibn was formed on a quartz glass by using the same 
procedure as that in EXAMPLE 1, and the resulting thin film was immersed directly in a 
toluene solution of 0,15 M l,3,3-trimethylindolino-6'-nitrobenzospiropyran for 3 hours, 
allowing l,3,3-trimethyIindolino-6'-nitrobenzospiropyran to be adsorbed in the 
micorpores. 

[0062] In the case too, the thin film turned red, confirming adsorption of the 
l,3,3-trimethylindolino-6*-nitrobenzospiropyran isomerized into the merocyanine form. 
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Visible absorption spectroscopy analysis of this thin fihn gave a spectrum having an 
absorption maximum at 520 nm. In this case, the surfactant and the spiropyran 
compound in the merocyanine form seem to coexist in micropores, but the inventors 
believe that the shift of absorption wavelength is because of the fact the spiropyran 
molecule is present in an environment different from that where the surfactant does not 
coexist. 

[0063] The thin film prepared in this EXAMPLE also showed a reverse photochromism 
simUar to those described in EXAMPLES 1 and 2 by irradiation by a visible-light and 
ultraviolet ray. The thin film prepared in this EXAMPLE contains a smaller amount of 
adsorbed spiropyran compound and thus is pale colored compared to the thin films of 
EXAMPLES 1 and 2, but has an advantage of demanding no such processing as baking or 
the like. 

[0064] (EXAMPLE 4) This EXAMPLE relates to a photochromic thin fihn prepared by 
holding a substrate in an acidic surfactant solution containing a silicon alkoxide, removing 
the surfactant from the meso-structured material thin film thus formed by solvent 
extraction, and making a spiropyran compound adsorbed in the micropores. 
[0065] A meso-structured material thin film was immersed in ethanol at 70®C for 24 hours 
for extraction of surfactant, and as a result, 90% or more surfactant was extracted from 
the silica meso-structured thin film by one extraction. Not less than 95% of the 
surfactant was extracted by repeating the same extraction once more. The thin film after 
extraction was dried for removal of ethanol, to give a mesoporous silica. 
[0066] Although the method of removing the surfactant micelle by solvent extraction used 
in this EXAMPLE has difficulty in removing the surfactant completely, it is possible to 
reduce the disturbance in structure caused during the surfactant removal by baking. 
[0067] The thin film sample after removal of the surfactant by extraction was immersed in 
a toluene solution of 0,15 M 1393-trimethylindolino-6'-nitrobenzospiropyran for 3 hours in 
a similar manner to EXAMPLE 1, allowing 
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1393-triniethylindolino-6'-nitrobeiizospiropyran to be adsorbed in the micropores. The 
thin fllm was washed with toluene, dried, and used as a sample. 
[0068] Examination of the change in color of the film prepared in this EXAMPLE by 
photoirradiation resulted in a change in the spectrum almost identical with that in 
EXAMPLE 1, indicating that the fifan prepared in this EXAMPLE also exhibited the 
reverse photochromism. 

[0069] The photochromic thin film prepared in this EXAMPLE was slightly poorer in the 
adhesiveness to the substrate compared to the film of EXAMPLE 1 after removal of the 
surfactant by baking, but the film after surfactant removal had X-ray diffraction peaks 
similar in peak shape to those before removal of the surfactant, indicating that the highly 
order structure thereof was preserved. 

[0070] (EXAMPLE 5) This EXAMPLE relates to a photochromic thin fihn prepared by 
holding a substrate in an acidic surfactant solution containing a silicon alkoxide, removing 
the surfactant from the nieso-structured material thin film thus formed by supercritical 
fluid extraction, and making a spiropyran compound adsorbed in the micropores. 
[0071] The liquid phase in the complex was replaced completely with ethanol by 
immersing the meso-structured material thin film in ethanol. In such a case, the 
surfactant was eluted into ethanol as described in EXAMPLE 4. Then, thin film sample 
was placed in a supercritical dryer having a configuration shown in Fig. 7, and organic 
matters were extracted under the supercritical condition of 31^C and 72.8 atmospheres by 
using carbon dioxide as the fluid. Analysis by infrared absorption spectroscopy and 
others revealed that there were almost no organic matters remaining in the mesoporous 
silica after drying under the supercritical condition and the surfactant was almost 
completely removed. 

[0072] The thin film sample after removal of the surfactant by extraction was immersed in 
a toluene solution of 0.15 M l,3,3-trimethyIindolino-6*-nitrobenzospiropyran for 3 hours, 
allowing l,3,3-trimethylindolino-6*-nitrobenzospiropyran to be adsorbed in the 
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micropores in a similar mamier to EXAMPLE 1. The thin fihn was washed with toluene, 
dried, and used as a sample. 

[0073] Examination of the change in color of the film prepared in this EXAMPLE by 
photoirradiation resulted in a change in the spectrum almost identical with that in 
EXAMPLE 1, indicating that the film prepared in this EXAMPLE also exhibited the 
reverse photochromism. 

[0074] The photochromic thin film prepared in this EXAMPLE was also slightly lower in 
the adhesiveness to the substrate compared to the film of EXAMPLE 1 after removal of 
the surfactant by baking, but the film after surfactant removal had X-ray diffraction 
peaks similar in peak shape to those before removal of the surfactant, indicating that the 
highly ordered structure thereof was preserved. 

[0075] The method used in this EXAMPLE demands more complicated equipment, but 
can remove the surfactant more efficiently at lower temperature. 

[0076] In addition, drying by using a supercritical fluid eliminates the stress generated 
during drying, and thus allows production of a mesoporous silica thin film completely 
without breakdown of the meso-structure. 

[0077] In Fig. 7, 71 represents a CO2 cylinder; 72, a chiUer; 73, a pump; 74, a preheater; 
75, an extraction apparatus; 76, a heater; 77, a separator; 78, a gas meter; and 79 a valve. 
[0078] 

[Advantageous effects of the invention] As described above, according to the present 
invention, it is possible to produce a practically useful photochromic thin film superior in 
mechanical strength, by allowing a photochromic material (in particular, a spiropyran 
compound) to be adsorbed in the micropores of a silica meso-structured material or 
mesoporous silica thin film formed on a substrate. 
[Brief Description of Drawings] 

[Fig. 1] A schematic view of an oriented photochromic thin film according to the invention. 
[Fig. 2] A schematic view illustrating the presence state of a spiropyran compound in the 
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micropore of a photochromic thin film according to the present invention. 

[Fig. 3] A view of a reaction container for forming a silica meso complex thin film for use 

in the present invention by holding a substrate in a solution 

[Fig. 4] A diagram iUustrating the way in which a substrate is immersed in a reaction 
solution, when a silica meso complex thin film for use in the present invention is formed 
while the substrate is held in the solution. 

[Fig. 5] A chart showing a change in visible spectrum when the photochromic thin film 

according to the present invention prepared in EXAMPLE 1 is photoirradiated. 

[Fig. 6] A chemical reaction formula showing the photoisomerization reaction of the 

spiropyran compound used in EXAMPLES of the present invention. 

[Fig. 7] A schematic diagram illustrating the configuration of the supercritical dryer used 

in EXAMPLE 6 of the present invention. 

[Explanation of numerals] 

11 Silica meso-structured material and mesoporous silica thin film 

12 Mesopore carrying a spiropyran compound 

13 Substrate 

21 Silica 

22 Spiropyran compound 

23 Surfactant molecule 

31 Polytetrafluoroethylene container 

32 Polytetrafluoroethylene cap 

33 Polytetrafluoroethylene substrate holder 

34 Seal (O-ring) 

35 Substrate 

41 Reaction solution 

42 Substrate 

71 CO2 cyUnder 
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72 ChiUer 

73 Pump 

74 Preheater 

75 Extraction apparatus 

76 Heater 

77 Separator 

78 Gas meter 

79 Valve 
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